an improved interatomic potential model was proposed for molecular dynamics simulations of lithium borate melt/ glass systems. charge of ion was reconsidered and a new composition dependent ionic charge model was suggested. a new three-body potential model controlling B-O-B angles was also proposed. The three-body term functioned to avoid square network ring consisted of B-O bonds, without preventing the change of boron coordination number between three and four. The edge-shared tetrahedra of four-coordination boron observed in the previous simulation were cleared by applying this three-body potential model.
General Paper

Interatomic Potential Model for Molecular Dynamics Simulation of Lithium Borate Melts/Glasses
Naoya SawaGuchi (2) in the equation (1) 
in this work, we discuss the speculation of the ionic charge of the element and the suggestion of an interatomic potential model added three-body terms to two-body terms. Lithium borates xLi 2 O-(1−x) B 2 O 3 (0 < x < 1) was selected as a first target.
we are interested in the lithium borate as a candidate material of the separator used in lithium-ion secondary batteries. The MD simulation results of lithium borates are verified by the reproducibility of the ratio of the B iV for the all boron, or other structural parameters.
Interatomic potential model
Two-body interatomic potential model
in most mD simulation studies for borate glasses, coulomb potential with short-range repulsive force potential has been applied as the interatomic potential [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . an example of another interatomic potential type, by Takada et al. was reported − MD simulation that applied the interatomic potential function as function of the coordination number change of boron [8] . in this work, the two-body interatomic potential model (equation (4) 
in order from left, the terms in the right side of equation (4) show coulomb potential, short-range repulsive force potential, van der waals force potential, and covalent bond force potential that consist of 4 th and 5 th terms. The letters ε 0, e, and r ij mean electric constant, elementary charge, and distance of i and j atoms, respectively. Other parameters were settled through tryand-error mD simulation for LiB 3 O 5 crystal in this work.
Charge of ions
Xu et al. [6] reported qualitative reproduction of Bray's R B iV results [12] by applying the formal charge to all elements of after some trial-and-error simulations for LiB 3 O 5 crystal [13] , 60% of the formula charge is applied to B ion in this work. 
Here, α is a function of x as equation (7), derived from the charge neutrality of the system. The z O , z B and z Li values used in this work are listed in Table 1 with numbers of atoms in the mD cell.
Three-body potential term
in the simulated lithium borate glasses applied the interatomic potential model defined by equations (4) and (6), some undesirable structures included that not given by the Zachariasen's rules for glass formation [14] . Figure 1 shows the undesirable structures schematically. There are two suspicious structures.
The first is the edge-shared BO 4 -tetrahedron pair, and the second is the three boron coordinated oxide ion (O iii ). The former can be described in another way, i.e. [ ]
The k 1 (r OB 1 ) and k 2 (r OB 2 ) are shown in equation (9) and (10).
here, θ 0 and r 0 are parameters to control variables of θ BOB and r OBn , respectively. Parameters p θ and p r are coefficients existing inside of exponential functions. Equations (9) and (10) are extracted from the three-body potential model for water and ice [15] . Figure 2 shows the three-body potential, U. The potential becomes positive when r 0 < r OBn and θ BOB < θ 0 . under other conditions, this three-body potential does not have any effect.
The parameters were determined through the trial-and-error of mD simulation for Li 2 O-B 2 O 3 melt system by monitoring the steps were applied to the relaxation. continuously, the 500 K of under temperature was specified and the cooling simulation was performed. The calculation for the relaxation at the new temperature was gone on by 100000 steps. This scheme was repeated until the specified temperature led to 500 K. All MD simulations were performed by using mXDOrTO [16] that partially changed for the new three-body potential calculation.
Results and discussion
all mD results are obtained by using the partial ionic charges defined in equations (6) and (7). Two interatomic potential models were applied to compare the results. The first was the two-body potential model of the equation (4) (ia2), and the second was the three-body potential model of the equation (4) with equation (8) Figure   6 shows the theoretical value of R B iV th , calculated from equation (11).
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The value of the equation (11) tential included ia3 potential model, the 2-membered ring was decrease with decreasing of the undesirable structure unit shown in Figure 1 . The latter seems to be not necessary. it is necessary to examine the details.
The decrease of B iV and O iii results in the decrease of density of the system. The densities of glasses at several temperatures are shown in Figure 8 . The densities of simulated glasses by ia2 potential model are near to the experimental data [18, 19] , but it is not acceptable because this density must be brought by the abnormal dense structure units. The densities of ia3 simulations are lower than the experimental, especially for small x compositions. The B 2 O 3 rich melts are more viscous, therefore more relaxation steps might be required to get to the stable conditions. For small x compositions, the mD steps in this work are considered to be insufficient and large steps simulation may show a more dense structure.
Conclusion
The new three-body potential model was investigated to apply the mD simulation of Li 2 O-B 2 O 3 melt/glass systems. The analyzed results were compared to that of simulations by using a two-body potential model. The improvement of the melt/glass structures was confirmed, but the density of the system was not consistent with the measured values. The continuous revision of this potential model is necessary for obtaining the realistic melt/ glass structures. we already started discussion and improving of the partial ionic charge model applied in this work [20] . Squares are the reference data at 298 K [18] and 1129 K [19] .
